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Abstract Faba bean (Vicia faba L.) is an important leg-
ume species because of its high protein and starch content.
Broad bean can be grown in different climatic conditions
and is an ideal rotation crop because of the nitrogen fixing
bacteria in its roots. In this work, 255 faba bean germplasm
accessions were characterized using 32 SSR primers which
yielded 302 polymorphic fragments. According to the
results, faba bean individuals were divided into two main
groups based on the neighbor-joining algorithm (r = 0.91)
with some clustering based on geographical origin as well
as seed size. Population structure was also determined and
agreed with the dendrogram analysis in splitting the acces-
sions into two subpopulations. Analysis of molecular vari-
ance (AMOVA) revealed high levels of within population
genetic variation. Genetic similarity and geographical
proximity were related with separation of European acces-
sions from African and Asian ones. Interestingly, there was
no significant difference between landrace (38%) and cul-
tivar (40%) diversity indicating that genetic variability has
not yet been lost due to breeding. A total of 44 genetically
well-characterized faba bean individuals were selected for
a core collection to be further examined for yield and nutri-
tional traits.
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Introduction

Faba bean (Vicia faba L.), was domesticated in the
Levant where archaeological evidence of its cultiva-
tion dates to the 10th millennium B.P. (Caracuta et al.
2015). Faba bean cultivation spread to Anatolia and
then Europe via the Mediterranean coast and China
via Mesopotamia (Cubero 2011). Due to the high pro-
tein and starch content of its seeds, this legume has a
vital role in the human diet especially in the Mediter-
ranean region, the Middle East, North Africa, much of
Asia, and Latin America (Torres et al. 2010). In addi-
tion, faba bean has essential vitamins and many antiox-
idants. Faba bean also harbors high amounts of vicine
and convicine, medicinally important components (Ray
and Georges 2010) which have anti-nutritional effects.
Faba bean’s value as a crop is enhanced by its ability to
grow in different climates, on different types of soil and
to fix nitrogen in its roots. These are essential features
for sustainable agriculture on unfavorable land (Arbaoui
and Link 2008; Alghamdi et al. 2012a). Faba bean is a
facultative cross-pollinated species with 2n = 2x = 12
chromosomes and the largest described genome size
among legumes, approximately 13,000 Mb (Johnston
et al. 1999). This is 25 times larger than the genome of
the model legume Medicago truncatula (Rispail et al.
2010). During its dispersal, faba bean acquired specific
adaptations and was subjected to selection for agro-
nomic traits related to plant architecture and seed size,
weight and shape. Based on seed characters, the species
can be divided into four groups: major, equina, minor,
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and paucijuga (Cubero 1974). The largest seeds (major)
emerged in South Mediterranean countries and China,
whereas medium-seeded types (equina) are mainly cul-
tivated throughout the Middle East, North Africa, and
Australia. Small seeds (minor and paucijuga) are mostly
found in Ethiopia and are favored in North European
agriculture (Duc 1997).

Plant genetic resources are essential for future food
security. These resources provide materials to produce
cultivars with new and improved features for changing cir-
cumstances including climate change and new disease out-
breaks. Although a large number of diverse landraces were
cultivated before modern plant breeding, in many places
uniform cultivars have taken the place of traditional vari-
eties and landraces. In addition, factors like disease, envi-
ronmental pollution, and change in dietary habits can nega-
tively affect crop genetic diversity. According to the Rural
Advancement Foundation International, about 97% of US
Department of Agriculture listed germplasm has been lost
in the last 80 years (Upadhyaya et al. 2010). Although the
potential value of the rich gene and allele content of wild
species and landraces is recognized by many breeders, it is
often difficult to use such resources because of a lack of
solid information about the genetic value in germplasm
collections. A major problem for germplasm evaluation,
conservation, regeneration, duplication, and documen-
tation (Van Hintum et al. 2000) is the large size of many
germplasm collections. One way to solve this problem is
to establish a core set of plant material which represents all
of the diversity in the collection in a reasonable number of
individuals.

Various molecular genetic marker systems have been
used to assess the genetic diversity and relationships
between accessions in faba bean collections such as
restriction fragment length polymorphism (RFLP) (Tor-
res et al. 1993), random amplified polymorphic DNA
(RAPD) (Torres et al. 1993; Link et al. 1995), ampli-
fied fragment length polymorphism (AFLP) (Zeid et al.
2003), inter-simple sequence repeat (ISSR) (Terzopou-
los and Bebeli 2008), simple sequence repeat (SSR)
(Oliveira et al. 2016), and single nucleotide polymor-
phism (SNP) markers (Kaur et al. 2014; Sallam et al.
2016a, b). However, this work is still very limited when
compared to other crop species. Thus, the aim of the
present work was to characterize 255 faba bean acces-
sions representing all areas of the world for their molec-
ular genetic diversity. To this end, 32 simple sequence
repeat (SSR) markers yielding 302 polymorphic frag-
ments were assayed on the faba bean material allowing
determination of their genetic diversity and population
structure as well as selection of a core set of germplasm
for use by breeders.
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Materials and methods
Plant material and DNA isolation

Faba bean seeds were supplied by the Centre for Genetic
Resources (CGN, Wageningen, Netherlands), Aegean
Agricultural Research Institute (AARI, Izmir, Turkey),
Nordic Gene Bank (NGB, Alnarp, Sweden), Jeffrey Paull
at the University of Adelaide (Australia), Fred Stod-
dard at University of Helsinki (Finland) and Interna-
tional Center for Agricultural Research in the Dry Areas
(ICARDA, Cairo, Egypt). In total, 255 accessions were
used consisting of 151 landraces and 104 cultivars (Sup-
plemental Table 1). The material represented 30 different
countries. Turkey was the most common origin with 99
accessions included in the study. In terms of seed size,
the 255 individuals were classified into three categories:
99 (39%) large, 85 (33%) medium and 53 (21%) small-
seeded individuals with 18 (7%) samples having insuffi-
cient seed to determine size. Five seeds from each acces-
sion were planted and grown in the greenhouse at Izmir
Institute of Technology, Turkey. Young and light green
faba bean leaves were collected and used for genomic
DNA extraction.Genomic DNA extraction was done with
the Wizard Magnetic 96 Plant System (Promega Corp.,
Madison, WI, USA) and the Beckman Coulter Biomek
NX Workstation (Beckman Coulter, Brea, CA, USA) in
conformity with the manufacturer’s instructions. After
extraction, DNA samples were dissolved and homog-
enized in TE buffer and quantity and quality of the DNA
samples were measured with a Nanodrop ND-1000 spec-
trophotometer (Thermo Scientific™, Vantaa, Finland).
DNA samples were stored at —20 °C.

SSR analysis

A total of 32 SSR primer pairs (GBSSR-VF and V{G)
were selected for analysis in the faba bean accessions
(Table 1). Primer information for the 13 GBSSR-VF and
19 VG primers was obtained from Suresh et al. (2013)
and Zeid et al. (2009). These primers were designed from
genic and genomic regions of the faba bean genome,
respectively.

Polymerase chain reaction (PCR) mixtures were pre-
pared with the following components in 20 ul reaction
mixtures for GBSSR-VF: 2 nl 10X PCR buffer (50 mM
KCl, 10 mM Tris-HCI, 1.5 mM MgCl,, pH: 8.3), 1 nl
MgCl, (1.5 mM), 0.75 pnl ANTP (0.2 mM), 0.75 pl for-
ward and 0.75 pl reverse primers (10 pmol), 0.75 pl
Taq polymerase (0.25 U), 13 pl sterile double-distilled
water, and 1 pl DNA (~10 ng/pl). PCR conditions were
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Table 1 SSR primers used for the molecular genetic analysis, poly-
morphism ratios and gene diversity

Primer name Polymorphic/amplified bands ~ Gene diversity®

GBSSR-VF-8 10/10 0.28 = 0.04
GBSSR-VF-19 4/4 0.22 + 0.06
GBSSR-VF-20 5/5 0.33 £0.07
GBSSR-VF-22 11 0.23 £0.05
GBSSR-VF-52 117 0.36 £ 0.05
GBSSR-VF-113 3/4 0.05 £ 0.01
GBSSR-VF-115 5/5 0.24 £ 0.05
GBSSR-VF-131 1 0.15 £ 0.04
GBSSR-VF-149 1 0.27 £ 0.05
GBSSR-VF-153 3/3 0.33 £0.07
GBSSR-VF-154 4/4 0.17 £ 0.04
GBSSR-VF-159 2/2 0.02 £ 0.01
GBSSR-VF-164 2/2 0.19 + 0.09
VIG 1 18/18 0.18 = 0.04
VIG 3 9/9 0.17 £ 0.06
VIG 4 3/3 0.14 £ 0.04
ViG99 13/13 0.22 £ 0.04
VIG 10 13/13 0.40 £ 0.03
VIG 11 11/11 0.30 £ 0.03
VG 13 10/10 0.24 £ 0.06
VIG 15 12/12 0.22 £ 0.04
VG 19 12/12 0.16 = 0.03
VG 27 15/15 0.21 +£0.04
VG 31 15/16 0.11 +£0.02
VIG 34 10/11 0.17 £ 0.04
VIG 41 16/16 0.26 = 0.04
VIG 44 13/13 0.21 +£0.03
VG 47 15/15 0.18 £0.03
VG 53 16/16 0.16 £ 0.03
VIG 67 12/12 0.25 +0.03
VIG 69 12/12 0.26 + 0.05
VIG 87 11/11 0.29 + 0.04

* For each primer, average gene diversity + standard error is pre-
sented

optimized as: initial step of 10 min at 94 °C for dena-
turation, 35 cycles with 30 s at 95 °C, 30 s at 55-57 °C
as annealing temperature (depending on primer pair),
30 s at 72 °C for extension, and a final extension step of
10 min at 72 °C. Amplification of DNA was performed
with BIO-RAD Thermal Cycler™ (BIO-RAD, Califor-
nia, USA). PCR mixtures were prepared with the follow-
ing components in 20 pl reaction mixtures for VIG: 2 pl
10X PCR buffer (50 mM KCl, 10 mM Tris-HCl, 1.5 mM
MgCl,, pH: 8.3), 1.2 nl MgCl, (1.5 mM), 0.5 pl dNTP

(0.2 mM), 1.5 pl forward and 1.5 wl reverse primers
(10 pmol), 0.5 nl Taq polymerase (0.25 U), 11.3 pl ster-
ile double-distilled water, and 1.5 pl DNA (~15 ng/pl).
PCR conditions were optimized as: initial step of 4 min
at 94 °C for denaturation, 30 cycles with 45 s at 95 °C,
1 min at 50-53 °C annealing temperature (depending on
primer pair), 1 min at 72 °C for extension, and a final
extension step of 7 min at 72 °C. Amplification of DNA
was performed with the same instrument as above. After
DNA amplification, DNA fragments were separated via
Fragment Analyzer™ Automated CE System (Advanced
Analytical Technologies, Inc., Ames, USA) using DNF-
900 dsDNA Reagent Kit (Advanced Analytical) accord-
ing to the manufacturer’s instructions. SSR alleles were
visualized and scored for presence/absence with PROs-
ize 2.0 software version 1.2.1.1 (Advanced Analytical)
and visual inspection. Average gene diversity (GD, also
known as polymorphism information content or PIC)
(Roldan-Ruiz et al. 2000) was calculated for each of the
32 markers using the GDdom program (Abuzayed et al.
2016).

Population structure and diversity analyses

Dissimilarity Analysis and Representation for Windows
(DARwin5) software was used to determine genetic diver-
sity of the accessions (Perrier and Jacquemoud-Collet
20006). Allelic data were used to calculate a distance matrix
using Dice’s coefficient and to perform clustering analy-
sis with the unweighted neighbor-joining algorithm. The
program STRUCTURE 2.2.3 was used to determine the
number of subpopulations that best represented popula-
tion structure of the faba bean accessions (Pritchard et al.
2000). The analysis in STRUCTURE was run with burn-in
period of 100,000 and 500,000 MCMC replications. Sub-
population numbers (K) from 2 to 10 were tested with 20
iterations for each value of K. An ad hoc statistic introduced
by Evanno et al. (2005) was used to determine the correct
estimated number of subpopulations with STRUCTURE
HARVESTER online program (Earl and Von Holdt 2012).
GenAlEx 6.5 software (Peakall and Smouse 2012) was
used to determine genetic diversity parameters of faba bean
accessions and to perform analysis of molecular variance
(AMOVA).

Core set
The core set (Kim et al. 2007) was constructed by Power-

Core (v.1.0) which uses a heuristic search based on the SSR
marker data.
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Results
SSR analysis

A total of 255 accessions were assayed with 32 SSR
primer pairs for determination of allelic polymorphism.
Almost all markers (91%) were polymorphic for the
tested faba beans with the exception of three markers:
GBSSR-VF-113, VfG 31, and VfG 34. Overall, 305 loci
were detected in the 255 individuals (Table 1) with an
average of 8 alleles per locus. On the whole, 302 (99%)
of 305 loci were polymorphic for all of the individuals.
Marker VG 1 amplified the most fragments (18) while
the fewest polymorphic fragments (two) were amplified
by GBSSR-VF-159 and GBSSR-VF-164. The genetic
diversity (GD, also known as polymorphism informa-
tion content, PIC) of the markers ranged from 0.02 to
0.40 (the maximum possible GD is 0.50). Average GDs
for the GBSSR-VF and VfG primers were 0.22 and 0.19,
respectively.

Genetic diversity and population structure

The Dice coefficient was used to determine genetic diver-
sity of the 255 accessions (Supplemental Excel file).
Maximum genetic dissimilarity was calculated as 0.59
(59%) for genotypes 255 (Disco/2) and 23 (CGN15563).
Minimum genetic dissimilarity was 0.17 (17%) for
genotypes 241 (FIORD) and 239 (NURA). The 255
units generated 32,385 distance values with a mean of
0.39. Mantel test results indicated a high correlation
(r = 0.91) between the dissimilarity matrix and dendro-
gram. Unweighted neighbor-joining analysis resulted in a
dendrogram with two clusters and one outgroup (Fig. 1).
Group A and Group B had 78 and 176 individuals,
respectively. Genotype 89 (CGN10382) was placed as an
outgroup by the analysis.

Population structure analysis showed that the faba
bean accessions fell into two subpopulations (Fig. 2)
with a relatively high AK value at K = 2 (Supplemen-
tal Fig. 1). Standard deviation (SD) for each value of
K is also essential to determine the correct number of
subpopulations and the SD results supported the choice
of K = 2 (Supplemental Figs. 2, 3). A cut-off value of
70% was used to group genotypes. Thus, genotypes with
an identity value under 70% probability of belonging to
a given subpopulation were considered as intermixed
(Supplemental Table 1). Based on this, subpopulation 1
had 87 accessions (34.1% of all accessions), subpopula-
tion 2 had 158 accessions (61.9% of accessions) and 10
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Group B

Group A

Fig. 1 Genetic diversity of the faba bean genotypes. Regions with
the most abundant accessions are color coded: Turkey (red), Nether-
lands (dark blue), Australia (light blue), Finland (yellow), Afghani-
stan (green), and Ethiopia (purple). All other genotypes are in black

accessions (3.9%) were intermixed. Genetic diversity
(h) and Shannon’s information index (/) for subpopula-
tion 1, subpopulation 2 and the intermixed germplasm
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Fig. 2 The bar plot for K = 2. Red and green represent subpopula-
tions 1 and 2, respectively. X-axis displays the individuals in the pop-
ulations and the y-axis shows the percentage identity of belonging to
each subpopulation

ranged from 0.15 to 0.22 and from 0.24 to 0.35, respec-
tively. Subpopulation 1 had the highest genetic diversity
while the intermixed group had the lowest level of diver-
sity (Table 2). AMOVA was used to estimate the variance
among and within populations. The results indicated that
the majority of genetic variation in faba bean was due to
a remarkable degree of within population variation (90%,
Table 3). Only 10% of the genetic variation was attrib-
uted to differences among populations.

Core set

A core set was constructed with a total of 44 individuals
selected among the 255 faba bean accessions (Table 4).
The core set represents the maximum genetic diversity
present in all individuals with a minimum number of
genotypes. Minimum genetic dissimilarity of the core
set was detected between genotypes 237 (Ascot) and
245 (Kitik2003) and was 0.27. The maximum genetic
dissimilarity was 0.59 which was between genotypes 23

(CGN15563) and 255 (Disco/2). The mean dissimilarity
of the core set was 0.41.

Discussion

Abundant faba bean genetic resources are available for
cultivation of this crop in different environments and for
further improvement via breeding (Liu and Hou 2010).
However, effective leverage of these resources requires
knowledge of the extent and patterns of faba bean genetic
diversity. Such knowledge is crucial for establishing and
managing germplasm collections and ensuring crop devel-
opment programs (Gwak 2008; Ma et al. 2009). In this
study, we determined the genetic diversity of 255 faba bean
accessions from throughout the world.

SSR polymorphism

SSR markers are useful for studying genetic diversity
because they are highly polymorphic and multi-allelic. In
this study, SSR markers produced a sufficient number of
polymorphic bands to study faba bean genetic diversity.
The highest GD was 0.39 for VG 10, whereas the low-
est value was 0.02 for GBSSR-VF-159 (Table 1). Previ-
ous work reported an average GD of 0.69 for 55 GBSSR-
VF primer pairs among 32 faba bean accessions (Suresh
et al. 2013) and 0.60 for 54 V{G primers (Zeid et al. 2009)
among 10 Egyptian and Spanish faba bean accessions.
Oliveira et al. (2016) also reported that GD ranged between
0.07 and 0.66 for 28 GBSSR-VF primers among 53 V.
faba, 2 V. johannis and 7 V. narbonensis accessions from

Table 2 Analysis of genetic diversity for the two subpopulations and intermixed group of faba bean accessions from worldwide geographical

origins

Population Number of individual Ne* H* I* Number of private bands
Subpopulation 1 87 1.36 £ 0.02 0.22 +0.01 0.35+0.01 14

Subpopulation 2 158 1.30 £ 0.02 0.19 £ 0.01 0.31 +£0.01 11

Intermixed 10 1.25 £ 0.02 0.15 £ 0.01 0.24 £0.02 0

Ne no. of effective alleles = 1/(p> + ¢%), I Shannon’s information index = —1 x (p x Ln (p) + ¢ x Ln(g)), h diversity = 1 — (p*> + ¢%)

2 Standard error

Tal.)le 3 Analysis of H}OICCUIaI Source DF SS MS Estimated variation % Variation  p value®

variance (AMOVA) using SSR

data for the two subpopulation Among populations 2.00 649.65 32483 447 10 <0.0001

and intermixed group Within populations ~ 252.00  10344.09  41.05  41.05 90 <0.0001
Total 254.00  10993.74 45.52 100 <0.0001

DF degree of freedom, SS sum of squares, MS mean of squares

T With 9999 data permutations
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Table 4 Core set selected from the 255 accessions

Genotype Genotype name Genotype Genotype name
number number

Mikko 132 CGNO07875

Witkiem Manita 134 CGN10385
8 Kontu 143 CGN10374
10 NGB1547.1 144 CGN10325
18 CGNO07874 154 TR12123
20 CGNO07699 162 TR23018
23 CGN15563 171 TR31590
24 CGN15619 176 TR33140
27 CGN19987 184 TR37255
29 CGN13485 193 TR44876
30 CGN13464 195 TR44928
40 CGN10391 200 TR49380
44 CGN10347 211 TR53748
46 CGNO07826 219 TR61267
53 CGNO07716 237 Ascot
54 CGN07844 245 Kitik2003
57 CGNO07781 246 Eresen87
76 CGNO07751 249 BPL710
82 CGN15641 252 Giza4
89 CGN10382 253 1LB938/2
100 CGN10371 254 Aurora/2
119 CGN19977 255 Disco/2

Portugal, Spain and Morocco. All of these previous stud-
ies used a GD/PIC calculation on a scale of 0-1, thus, the
current work found similar levels of GD as previous stud-
ies. Work in opium poppy demonstrated that genomic SSRs
are more polymorphic than EST-SSRs (Selale et al. 2013;
Celik et al. 2014) and may be more useful for assaying
functional diversity in germplasm collections (Varshney
et al. 2005). However, in our study, there was no significant
difference between GD results for genic (GBSSR-VF) and
genomic (VfG) SSR markers indicating that both are useful
for revealing genetic diversity in this crop.

Genetic diversity and population structure

The dendrogram and population structure analyses sup-
ported each other in both analyses divided the accessions
into two clusters/subpopulations. Although the analyses
are based on different methods (model and distance-based,
respectively), both showed similar clustering in the faba
bean population. Results for Group A and subpopula-
tion 1 were approximately 98% identical, while Group B
and subpopulation 2 were about 90% identical. AMOVA
results showed that the genetic differentiation was over-
whelmingly due to within population variation. Our data
are consistent with previous studies in faba bean which
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revealed more genetic variation and differentiation within
populations as compared to among populations using ISSR
(Terzopoulos and Bebeli 2008; Wang et al. 2012) isozyme
(Sonnante et al. 1997; Ouji et al. 2011) and SSR markers
(Oliveira et al. 2016). Similar results have been seen in
other legumes such as soybean (Glycine max) (Jin et al.
2006) and Lathyrus (Belaid et al. 2006), as well as in olive
(Belaj et al. 2007), apple (Zhang et al. 2012) and lettuce
(Rauscher and Simko 2013). The high level of genetic vari-
ability observed within populations of such species is most
likely due to their partial or completely allogamous repro-
ductive systems. Indeed, cross-pollination of faba bean
is known to be facilitated by insect pollinators like bees
(Bond and Kirby 1999).

When comparing geographical genetic diversity among
faba bean accessions, regional aggregation was observed
(Fig. 1). Most of the Turkish varieties supplied by AARI
showed clustering with each other and with Australian
accessions. These results suggest that the Australian acces-
sions may have originated in Turkey. Individuals originat-
ing from the Netherlands also grouped together. In contrast,
accessions from Finland did not cluster tightly, but did fall
into the same main cluster, Group A. Ethiopian accessions
also did not show tight clustering. Interestingly, accessions
from Afghanistan were seen in both Groups A and B. In
addition to regional clustering, the dendrogram indicated
a general continental aggregation of the genotypes. Indi-
viduals originating from European countries including the
Netherlands, UK, Germany, Belgium, Greece, Spain, and
Finland were clustered in Group A. Individuals originat-
ing from Asian and African countries including Turkey,
Afghanistan, Syria, Lebanon, Algeria, Ethiopia, Egypt,
Jordan, and China were found in Group B. Accessions
from Australia were also found in Group B, again sug-
gesting that these individuals originated from Asia. Zeid
et al. (2003) found no clear grouping of faba bean geno-
types according to geographical origin; however, Alghamdi
et al. (2012b) demonstrated association between molecu-
lar diversity and geographic origin. In agreement with our
results, Kaur et al. (2014) observed clustering of Australian
cultivars using SNP markers.

Seed size and clustering

The dendrogram results were analyzed to detect correlation
between seed size and clustering. This type of analysis is
essential because there are four subspecies (major, equina,
minor, and paucijuga) of faba bean and this separation is
based on origin and seed size. The pairwise dissimilarity
of large-seeded accessions ranged between 0.18 and 0.57,
with an average of 0.38 (data not shown). Medium-seeded
individuals had minimum and maximum pairwise dissimi-
larity values of 0.21 and 0.58, respectively. The average
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Cluster B1

Cluster B2

Cluster B3

Cluster A

Fig. 3 Genetic diversity of the faba bean genotypes with seed size
highlighted. Red, blue and yellow represent large, medium and small-
seeded genotypes, respectively

pairwise dissimilarity of medium-seeded individuals was
0.39. Accessions of small-seeded individuals had values
that ranged between 0.22 and 0.58, with an average of 0.40.
Cluster A contained mostly small and medium-seeded indi-
viduals which is typical for individuals originating from

Northern Europe, Ethiopia, Afghanistan, and the Middle
East (Fig. 3). In the same way, Cluster B1 contained mostly
small-seeded accessions from Ethiopia and Afghanistan.
Cluster B3 was composed of medium and large-seeded
individuals originating from Turkey and Australia. Large-
seeded types are typical of Turkey and other Mediterra-
nean countries. The fact that the Australian genotypes fell
into this cluster is not surprising because those genotypes
are all cultivars, therefore, they may have been bred for
large seeds. In comparison, Cluster B2 was composed of
genotypes of all seed sizes and the genotypes had diverse
geographically origins. Zeid et al. (2003) did not observe
a correlation between faba bean seed size and clustering.
Although there was a general correlation between seed
size and origin in our study, definite conclusions cannot be
made as the subspecies identities of the faba bean geno-
types used in this work are not known.

Genetic dissimilarity of landraces versus cultivars

Genetic diversity analysis was conducted for the landraces
(151 individuals) and cultivars (104 individuals), sepa-
rately. Within the landraces, minimum GD was detected
between genotypes 178 (TR33517) and 180 (TR33561)
(0.18). The maximum genetic dissimilarity was 0.58 (58%)
between genotypes 162 (TR23018) and 96 (CGN7948).
The mean diversity (GD) for the landraces was 0.38. Within
cultivars, minimum genetic dissimilarity was observed
between genotypes 241 (FIORD) and 239 (NURA) (0.17).
The maximum was between genotypes 5 (Mikko) and 253
(ILB93812) (0.59). The mean GD for the cultivars was
0.40. The diversity values (%) for landraces and cultivars
gave a similar result indicating that cultivars were slightly,
but not significantly more diverse than landraces. Shan-
non’s information index for landraces and cultivars ranged
from 0.30 to 0.36, respectively (Table 5).

In general, it is believed that cultivars have less genetic
diversity than landraces; however, our results showed simi-
lar levels of diversity in each type of faba bean. Faba bean
has a very large genome (13,000 Mb) and has not under-
gone extensive breeding efforts. In addition, although the
crop is only partially allogamous, cross-pollination can be
facilitated by bees (Aouar-Sadli et al. 2008). All of these
factors may contribute to the maintenance of genetic diver-
sity in cultivars as well as landraces.

Core set

A total of 44 genetically well-characterized faba bean indi-
viduals were selected for a core collection (Table 4). These
accessions encompass the maximum genetic diversity pre-
sent in all of the accessions used in this study (17.2% of the
entire set). While core collections often include only 10%

@ Springer



998

Mol Genet Genomics (2017) 292:991-999

Table 5 Analysis of genetic

L . Population
diversity for cultivars and P

Number of individuals

landraces of faba bean
accessions from worldwide
geographical origins

Cultivars 104
Landraces 151

Ne? H I* Number of private bands
1.36 £0.02 0.23+0.01 0.36+0.01 28
1.29£0.02 0.19+0.01 0.30+£0.01 17

Ne no. of effective alleles = 1/(p> + ¢%), I Shannon’s information index = —1 x (p x Ln (p) + ¢ x Ln(g)),

hdiversity =1 — (p* + ¢%)

4 Standard error

of the entire collection (Brown 1989), a larger core set was
chosen because of high genetic diversity. Similar to this
result, Turkish melon (Cucumis melo), sesame (Sesamum
indicum) and opium poppy (Papaver somniferum) germ-
plasm core sets represented similar proportions of the entire
collections (10 to 20%) (Frary et al. 2013, 2015; unpub-
lished data). The core collection should be further exam-
ined for yield, nutritional, disease, and drought resistance
traits. This information can then be used with the genetic
diversity data to develop new faba bean varieties.
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